SUMMARY Light and electron microscopic study of synovial specimens from four patients with the Milwaukee shoulder syndrome disclosed vascular congestion, villous and focal synovial lining cell hyperplasia, occasional giant cells, and fibrin deposition both within and on the surface of the synovium. Although these changes are non-specific, the finding of basic calcium phosphate crystal aggregates in all four cases and the near total absence of an inflammatory reaction are helpful in distinguishing this condition from other types of arthritis. The focal areas of synovial cell hyperplasia may relate to the powerful mitogenic effect of both synthetic and naturally occurring calcium-containing crystals in concentrations found in the synovial fluid of these patients.
specimens the pathological findings were reviewed and the additional covered are also presented here.
in patient A findings unCase reports B is a 60-year-old woman who had a one year history of right shoulder pain following a fall on the outstretched right hand. Fourteen years earlier she had had bilateral calcific tendonitis treated by x-irradiation. She underwent implantation of a subacromial spacer on 9 July 1981. When the joint capsule of the right shoulder was entered, a large volume of synovial fluid was encountered. The synovium was boggy and hyperplastic. Synovial biopsies were obtained. Destructive changes included complete absence of the rotator cuff, absence of the long head of the biceps tendon, and degenerative changes in the greater tuberosity of the humerus. There was subluxation of the humeral head cephalad to a position adjacent to the inferior aspect of the acromion.
The articular cartilage on the humeral head was smooth, as was most of the cartilage of the glenoid fossa except for some irregularity noted on the superior aspect of the glenoid. This area did not 734
Histopathological and ultrastructural studies of synovium in Milwaukee sholulder syndrome 735 articulate with the humerus in the anatomic position. C, a 72-year-old woman, underwent surgery on the right shoulder 11 November 1982 following severe pain for the preceding 18 months. When her shoulder joint capsule was entered, a large amount of cloudy yellow fluid was encountered. The capsule was patulous and the rotator cuff was completely absent. Synovial thickening and increased villous formation were noted. Biopsies were taken. Marked articular cartilage degeneration was apparent, with eburnation of the glenohumeral surfaces. The superior aspect of the humeral head beneath the acromion showed pitting. Because of the articular cartilage damage, the humeral head was amputated at the anatomical neck, and a large Neer humeral prosthesis was fixed in its place. A polyethylene subacromial spacer was fixed beneath the acromion to depress the prosthesis into the glenoid fossa.
D The most common site of crystal deposition was in the synovial stroma, which in many areas showed marked hypercellularity and formation of few giant cells (Fig. 3) . In some areas crystal deposits were associated with extensive stromal scarring (Fig. 4 ).
Movat's stain confirmed the fibrin nature of the deposits on the synovial surface. Apparently the fibrin was deposited at different times. Some deposits were recent, but others showed various stages of organisation. There was infiltration by the stromal cells at the base of fibrin deposits and continuous (Fig. 7) . Occasionally small secondary lysosomes containing crystals were observed. These had a distinct continuous limiting membrane (Fig. 8) .
Other larger crystal aggregates were also observed within the cytoplasm that were not surrounded by a limiting membrane. In addition the cytoplasm contained well developed granular endoplasmic reticulum, many mitochondria, and numerous pinocytotic vesicles (Fig. 6) .
In some areas the surface lining cells were missing, and the denuded synovial membrane was covered by masses of fibrin in which variably sized crystal aggregates were embedded (Fig. 9) . Fibrin was recognised by the presence of characteristic cross-striated fibres. The synovial membrane consisted of interrupted layers of synovial cells (fibrocytes) and collagen fibres embedded in connective tissue matrix. The synovial cells had abundant cytoplasm with well developed granular endoplas- mic reticulum and few mitochondria (Fig. 10) . Small dense bodies were randomly distributed throughout the cytoplasm. Pinocytotic vesicles were present in many cells. Variably sized crystal aggregates were deposited throughout the synovial membrane. Occasionally crystals were surrounded by cytoplasmic processes of the synovial cells (Fig. 11) . X-ray energy dispersive analysis under STEM microscopy showed that the crystals contained calcium and phosphorus in a molar ratio varying from [1] [2] [3] [4] (Fig. 8) 
